Bulk FeSe superconducts at 8 K [1] . Surprisingly, T c dramatically increases to ∼70K in 1ML FeSe/STO(001) [2] . Charge transfer from STO is widely believed to play an important role in the superconducting mechanism [3] , which is supported by doping experiments of bulk or multilayer FeSe [4] [5] [6] [7] [8] [9] . However, the T c in the doped FeSe systems is less than 50 K, which suggests that there are other substrate related effects contributing to the higher T c in 1ML FeSe/STO(001). Multiple candidates have been suggested to explain this T c difference, including interfacial electron-phonon (e-ph) coupling [10] , a very high dielectric constant [2] , and lattice strain [11] . Strong, small-q e-ph coupling between carriers in FeSe and optical phonons in STO leads to replica bands observed in angle-resolved photoemission spectroscopy (ARPES) [10] measurements. This coupling has been proposed to enhance T c [12] . STO has an extremely high dielectric constant at low temperature [13] , which has been suggested to enhance the T c [2] . There is also a mismatch between the lattice constant of STO (3.90Å) and bulk FeSe (3.76 A) that induces a strain on the 1ML FeSe film. Strain could influence superconductivity as T c is a pressure dependent quantity in bulk FeSe [11, 14] .
An ideal substrate to help determine which of the many proposed properties of STO (001) enhance T c in the 1ML FeSe system is rutile TiO 2 (100). Rutile TiO 2 is composed of corner-sharing octahedra of oxygen enclosed titanium atoms, while anatase has edge-sharing octahedra. Rutile TiO 2 is different from STO in two key ways: dielectric constant and lattice spacing. The low temperature dielectric constant of rutile TiO 2 is ≤ 260 [15] , which is much smaller than STO's dielectric constant of ∼10,000 [13] . The (100) face of rutile TiO 2 is rectangular with lattice spacing a = 2.95Å and b = 4.59Å, while STO (001) is square. Therefore FeSe is expected to have a large, anisotropic strain when grown on rutile TiO 2 (100). Despite these differences from STO, previous works show that TiO 2 has similar oxygen optical phonon modes with energies of around 100 meV [16] .
In ), to determine which substrate effects are central to superconductivity. All the films were grown via molecular beam epitaxy (MBE) and measured with in-situ ARPES. Our results indicate that electron-phonon coupling is necessary and sufficient for enhancing the T c in ML FeSe on STO, beyond charge transfer.
The 1ML FeSe and the K-doped FeSe systems share similar band structures, which are distinct from that of multilayer FeSe, as are shown in the Fermi surface maps ( Fig. 1(a) to (d)) and the Brillouin zone-corner cut ( Fig.  1 (e) to (h)). Multilayer FeSe has hole pockets around Γ point and 'dumbbell' shaped spectral weight near M point ( Fig. 1(a) ). The band structure of multilayer FeSe films is similar from 2 ML to above 60 ML, and also resembles that of bulk FeSe [17] . In comparison, the other three systems have much simpler Fermi surfaces, with no pockets at Γ and electron pockets around the M point. In the these three systems, hole bands are observed ∼45 meV below the electron bands in the high-symmetry cuts at the M point. The quantitative variation of band positions can be trivially ascribed to the varying doping levels.
Despite the similarities in the band structures of the K-doped and the 1ML films, strong interfacial mode coupling as evidenced by the replica bands, are only observed in the 1ML films grown on STO or TiO 2 ( Fig. 1(g ) and 1(h)). Replica bands are direct copies of primary bands that are rigidly shifted in energy due to small-q, e-ph scattering [10] . The energy shift in the replica band is similar in both systems: approximately 100 meV in 1ML FeSe/STO (001) and 90 meV in 1ML FeSe/TiO are similar to those of 1ML FeSe/STO (001) . Replica bands are clearly resolved in the ARPES spectra in high-symmetry cuts at M and M and are denoted by a prime in (Fig. 2(e)-(f) ). They all have an energy shift of ∼90 meV from the original band, which is close to the bulk rutile A 1g and B 2g oxygen optical phonon mode energies [16] .
The symmetrized energy distribution curve (EDC) (Fig. 2h) from the cut crossing the M point (Fig. 2g ) reveals a superconducting gap of 14 meV at 22 K. The temperature dependent gap was fit using mean field theory [18] and shows a T c of 63 ±3 K (Fig. 2i) . Despite the anisotropy in the stretched Brillouin zone, the gap around M is isotropic within experimental error (Fig. 2j) .
1ML FeSe/TiO
(100) 2 and 1ML FeSe/STO (001) have very similar electronic structure, superconducting gap size, and T c . The similarities between these two systems, suggests that dielectric constant, strain and C4 symmetry likely do not play important roles in the enhancement of superconductivity of the 1ML FeSe on the STO and related substrates. These results are supported by other recent works of 1ML FeSe on other substrates [19] [20] [21] [22] .
In Fig. 3 the maximum gap size vs T c for several iron chalcogenide superconductors are plotted. The relationship between gap and T c can be well fitted by a linear function. For the three systems in which only T c or the gap is measured, the other missing parameter is approximated using a fitted line. Three clear groupings emerge when displayed this way.
The bulk/multilayer films FeSe [1, 11, 17] and FeSe (1−x) Te x [23] are grouped at the bottom, with T c below 20 K. The 1-4 layer FeSe/SiC [24] is included in this group as the interaction between SiC substrate and FeSe is believed to be weak, and this system shows similarly The second group is distinguished by external electron doping, from either deposited K atoms or ionic liquid gating [4] [5] [6] [7] [8] [9] . All the systems in this category have a T c ranging from 31 K to 48 K, which is higher than all those belonging to the first group. ARPES measurements on K doped bulk FeSe and FeSe multilayer film on STO have shown a band structure similar to that of 1ML FeSe/STO (001) , with only electron pocket(s) at M and no hole pocket at Γ. Several ARPES and STM works observed the coexistence of nematic order and superconducting phase, and a dome-like phase diagram in which T c can be tuned through electron doping [5, 6, 9] . The substrate effect is negligible for the materials in this category. This is supported by our results (Fig. 1f) : no replica band can be observed in the K-doped 3ML FeSe/STO (001) film, although they share similar band structure.
The third group contains all 1ML FeSe films on titanate substrates. Despite substantial variations in strain, substrate dielectric constant and C4 symmetry, these 1ML FeSe films all have T c close to the temperature of liquid nitrogen and share similar electronic structure and doping levels [10, [19] [20] [21] [22] . There is no significant difference in the Fermi surfaces between the monolayer films in this group and the electron doped systems in the second group. However, ARPES measurements on 1ML FeSe/STO (001) and 1ML FeSe/TiO
reveal the existence of replica bands, indicating strong interfacial e-ph interaction. Polaron bands on the two-dimensional electron gas (2DEG) have also been observed on TiO 2 anatase (001) and STO (110) [25, 26] , which suggests that a strong interfacial e-ph interaction is a common feature of the 1ML FeSe on oxide substrate systems, and thus is likely the cause of the T c enhancement.
In conclusion, we used ARPES to compare the band structures of multilayer FeSe, K-doped multilayer FeSe, 1ML FeSe/STO (001) and 1ML FeSe/TiO 2 (100) . Electron doping can enhance the T c of multilayer to between 30 K and 50 K, but only with interfacial e-ph coupling in 1ML FeSe can T c reach to about 70 K. [23] , FeSe on SiC [24] , K doped bulk FeSe [6] , K doped FeSe film on STO (001) [5, 9] , liquid gated FeSe/MgO [8] and FeSe/STO (001) [7] , 1ML FeSe/rutile (this work), 1ML FeSe/anatase [22] , 1ML FeSe/STO (001) [11] and 1ML FeSe/STO (110) [20] . The linear fit of all the data points in which both Tc and the maximum gap are known is plotted in red. For the systems in which only Tc or gap is measured, the other missing quantity is calculated from the line of best fit. In the bottom of the figure are cartoons characterizing the three groups: with no charge transfer or substrate effect (left), with external charge transfer but no substrate effect (middle), and with substrate-induced charge transfer and e-ph coupling (right).
The comparison between 1ML FeSe/STO (001) and 1ML FeSe/TiO 2 (100) indicates that among all substrate effects, the high electric constant, strain and lattice mismatch on superconductivity is limited, while interfacial e-ph coupling is the key reason for 1ML FeSe/STO (001) system to have a boosted T c .
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